ABSTRACT
conducted 80 locations of the vertical electrical sounding (VES) survey; then selected 47 VES to create 23 four pseudo cross-section lines in a west-east direction, running perpendicular to the coast in Cha-Am 24 district, Thailand, which is negatively affected by this problem. The geophysical results were described 25 together with the hydrochemical analysis of 57 groundwater samples. The results revealed that seawater 26 intrusion occurred in the Qcl aquifer with an average depth of 50-60 meters and presented more obviously 27 near the coastal line. The resistivity value of <5 Ωm represented highly contaminated areas impacted by 28 seawater intrusion while the range between 5-10 Ωm represented moderately contaminated areas. 29 According to the hydrochemical characteristics, groundwater can be divided into three groups according to 30 the level of impact of seawater intrusion: Ca-Na-HCO3 and Ca-HCO3-Cl (slightly impacted), Ca-Na-HCO3- 31 Cl (moderately impacted), and Na-Cl (highly impacted). The area had a low resistivity value, corresponding 32 to the high value of electrical conductivity (EC), and the hydrochemical facies was generally Na-Cl. The 33 hydrochemical facies evolution diagram (HFED) revealed that most of the samples fell close to the mixing 34 line, demonstrating mixing between seawater and fresh water and that some samples fell in the intrusion 35 phase. According to multivariate statistical analysis, the finding was in agreement with the HFED. There 36 are three main processes: seawater intrusion, natural groundwater recharge, and finally hydro-geochemical 37 interaction. Finally, the findings in this study demonstrated that the levels of seawater intrusion could be 38 classified into three zones depending on the degree of seawater intrusion. Furthermore, the northern part of 39 the study area faced seawater intrusion with a relatively higher impact than other areas, and seawater 40 laterally intruded about eight kilometers inland.
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INTRODUCTION

44
Many coastal areas in the world contain densely populations as it is an area that has food integrity 45 and important economic activities such as urban development, trade, and touristic activities. These are 46 factors that have attracted people to settle in these areas, as a result, the water demand for consumption, 47 agriculture, and industry has increased. Groundwater resources are an alternative water source. Compared 48 with surface water, the groundwater is of high quality, is barely affected by seasonal effects ( i.e., constant 49 temperature), with large available quantities. For the reasons above-mentioned, groundwater has long been 50 pumped with a large quantity of water. As a result, the common phenomenon, so-called seawater intrusion, In the coastal aquifer, seawater lies under fresh water since fresh water is less dense than seawater; 54 consequently, the zone of contact between fresh water and seawater is brackish water (Bear, 1999) . Fresh 55 water is commonly over the top of the heavier seawater and serves to push the seawater interface seaward. 56 In contrast, when pumping fresh groundwater from coastal aquifers with a large quantity, the pressure of 57 fresh water is reduced, which in turn causes the seawater to migrate further landward. The seawater 58 intrusion problem is one of the most important environmental issues that negatively affects groundwater 59 resources significantly since groundwater salinity can lead to a reduction in fresh water availability and the 60 degradation of groundwater quality (Essink, 2001; Werner et al. 2013 ; Kang and Jackson 2016; Ros and 61 Zuurbier 2017) . Therefore, the study of seawater intrusion into coastal aquifers is needed to identify the 62 affected zones where it should be able to prevent problems or remediate such areas efficiently. 63 The coastal study area is located at Amphoe Cha-am, Changwat Phetchabur, and was selected as it 64 is considered a densely populated area and is one of the most famous tourist areas in Thailand. Therefore, 65 the groundwater resource may become a primary water resource in the near future and is consequently 66 drawn out over the yield in the aquifer. Under this current situation, the natural equilibrium of the seawater 67 interface is directly changed, and the sea water laterally moves landward. Geophysical and hydrochemical Province, and by the eastern border of the Gulf of Thailand (Figure 1a) . The area can be classified by 92 topography into two major landforms consisting of a plain interleaved mountain covers (~20% of the area) 93 and low-plain or coastal plain covers (~80% of the area). The plain interleaved mountain landform is located 94 to the west of the area, covered mainly by forest areas, while the eastern side is a low-plain or coastal plain 95 Hydrol. Earth Syst. Sci. Discuss., https://doi.org/10.5194/hess-2018-137 Manuscript under review for journal Hydrol. Earth Syst. Sci. 
Geological Setting
101
The study area is located on the Shan-Thai subcontinent consisting of Carboniferous rocks to 
Hydrogeology
112
The study area is underlain with unconsolidated and consolidated aquifers (see Figure 3 ). More 113 than 60% are underlain with the Quaternary unconsolidated aquifer that consists of a beach sand aquifer 114 (Qbs). These are common sediments in the east coastal plain and are distributed from north to south. 115 Therefore, the groundwater has accumulated in the pore space of the sand deposited in the old ridge. The plain aquifer (Qfd) is dispersed over in the upper part and is lined between Qbs and granitic aquifers (Gr).
119
The groundwater has accumulated in the pore space between the gravel and sand grains. which enabled the identification of the hydro-geochemical processes occurring in the groundwater system.
201
In this study, the multivariate statistical technique were carried out using the SPSS software, version 22. had a clay component, the resistivity value was not very low (<5 Ωm). As a result, the area that showed 
Groundwater Chemistry
319
The hydrochemical analysis of 58 groundwater samples is shown in that these wells were influenced by seawater intrusion, and the quality of the water was saline water. aquifers, implying that the groundwater in these aquifers were not highly impacted by seawater intrusion.
372
The red line on the piper diagram (Figure 10 ) is the line that shows the hydrochemical evolution of in Na-mixCl (no. 3), Na-mixHCO3 (no. 2), Na-HCO3 (no. 1), and MixNa-HCO3 (no. 5), which are 434 characteristic of the freshening process, and was not found in all groundwater samples.
435
Most samples that fell in the Na-Cl (no. 4) facies were groundwater samples collected from the Qcl analyzed in the laboratory (see Table 2 ). The highlighted bold demonstrates the significant relationship at The varimax method used to rotate the parameters in the principal component analysis uses the 478 Kaiser criterion rotating with the varimax method. Therefore, all of parameters were classified into four 479 components (see Table 3 ). Each component included the values (bold) that represent a good correlation. were included in the first component that had the highest factor loading (6. 13) and accounted for 47. 17% factor loading (1.27) or 9.78% of the total variance. These parameters might be the result of various dynamic 503 hydro-geochemical processes in the area such as seawater intrusion, recharge, water-rock interaction, etc.
504
In addition, all variables were plotted in rotated space in Figure 13 to hydrochemical results, the levels of seawater intrusion could be classified into three zones by using the 535 criteria shown in Table 5 . Ca-HCO3-Cl, Ca-Na-HCO3-Cl, Ca-Na-Cl and Na-Cl) were noticed, which were dependent upon aquifer 553 types and depths. Na-Cl facies were typically found in the Qcl aquifer, corresponding to the resistivity 554 values of <5 Ωm. As the geophysical and hydrochemical results showed, the levels of seawater intrusion 555 could be classified into three zones depending on the degree of seawater intrusion. As a suggestion of this 
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